Reverse transcription and quantitative polymerase chain reaction (RT-qPCR) has become the most common method for characterizing expression patterns of individual mRNAs due to a large dynamic range of linear quantification, high speed, sensitivity, resolution and cost-effectiveness. However, the complexity of the protocol, variability of reagents, an inconsistent quality of biological samples, and the absence of standardized methods of data quantification may produce inconsistent results. In an effort to to standardize ithe procedure and assure high reliability of data, the minimum information for publication of quantitative real-time PCR experiments (MIQE) guidelines was defined and further extended by Prof. Bustin and colleagues (2004). These guidelines have been followed by the development of an XML-based real-time PCR data markup language (RDML) and a RDML data base for consistent reporting of RT-qPCR data. Here we follow the RT-qPCR procedure step by step in compliance with MIQE requirements, local facilities and resources and our own experience in application of RT-qPCR methodology. This paper is written to comment step by step the widely accepted conventional experimental protocol of RT-qPCR procedure and to present various currently available methodological solutions at each step of procedure in accordance with mandatory minimum information for publication of quantitative real-time PCR experiments (MIQE) guidelines. The following of these guidelines provide the standardization of procedure, the ability to validate experiments, to consider the conclusion as reliable and to share and compare the results with other colleagues.
ducibility for articles published in scientific journals, often as low as 10 -30 % [4, 5; www.nature.com/ news/1.16259]. The reliability of molecular technology and gene expression profiling becomes critically important when it is applicable to diagnostics and predictions for the disease outcome, as well as the choice of the therapy [6] .
Here we are not presenting a comprehensive review on RT-qPCR methodology and its widespread application in different fields of contemporary biology as many papers on the subject and detailed guides from the leaders in molecular biological industry may be found in the literature and internet [e.g. 2, 3, [7] [8] [9] [10] [11] [12] [13] [14] [15] . Instead we are going to follow the procedure step by step in compliance with MIQE requirements, local facilities and resources along with the currently available at the market using our own experience in application of RT-qPCR methodology. To make the expression results valuable and comparable between runs, real-time RT-qPCR platforms, and between different laboratories worldwide the researchers have to meticulously standardize each step of procedure, starting from the biological sample to the final data analysis.
Experimental design
The illustration of different stages of RT-qPCR procedure is based on the experiments conducted in the laboratory of systems biology (Institute of molecular biology and genetics, National Academy of sciences, Kyiv, Ukraine) on the gene expression in rat liver, primary hepatocytes, mouse brain and human placenta at different (patho)physiological states at the steady state and in the course of time [16] [17] [18] [19] [20] . Male Wistar rats (200-250 g) at different time points after partial hepatectomy and laparotomy, male BALB/c mice (~ 20 g) and human placenta from midfirst-and third trimesters of gestation were used in the studies. The animals' tissue samples were snap-frozen in liquid nitrogen immediately after collection of organs and tissue dissection; the samples of placental villous tissue were collected immediately after abortion or delivery, rinsed with cold sterile 0.9% NaCl solution and frozen in liquid nitrogen. The samples were stored at -80 °C before processing.
RNA isolation
A prerequisite for the performance of RT-PCR is an efficient method for RNA extraction. Currently there are numerous methods that can be used to isolate and purify RNA for RT-qPCR [21] . Here we will focus on the cheapest and more accessible method of RNA extraction based on "TRIzol reagent". The total RNA was isolated from approximately 100 mg of liver tissue, mouse brain, human term placenta and villous tissue from the midfirst trimester of gestation. The samples were ground in liquid nitrogen with mortar and pestle; one ml of homemade "TRIzol reagent"was added and the samples were homogenized using power homogenizer (IKA T10, Cole Parmer LabGen, USA) (for a receipt of homemade "TRIzol reagent" see the Supplement). The liver lysate was additionally passed through 22 G needle five times to shear chromatin. All sequential procedures followed the protocols described in the manual from Thermo Fisher Scientific (USA) for TRIzol® Reagent [http://tools.lifetechnologies.com/content/ sfs/manuals/trizol_reagent.pdf]. Briefly, the homogenized samples were processed through separation of aqueous, intermediate and phenol-chloroform phases, containing RNA, DNA and DNA and proteins; correspondingly; RNA precipitation with isopropanol; two washes with 70 % ethanol and dissolving RNA in DEPC-treated water.
The yield of RNA, its purity and integrity are assessed by the conventional methods, particularly in our lab, by spectrophotometry on a NanoDrop ND-2000 device (Life Technologies, USA) and denaturing formaldehyde 1 % agarose electrophoresis with image analysis using Gel-Pro 3.1 software (Media Cybernetics, Inc., USA). The A260/A280 ratio around 2.0 and the A260/A230 ratio around 2.2 evidence the sufficient purity from proteins, phenol, and aromatic compounds or carbohydrates, respectively [22, 23] . The ratio of 28S/18S bands intensities near 2.0 at electrophoregram the integrity of RNA. At this step the RNA may be stored eithe r at -80 °C or may be precipitated with 3 vol. of 96 % ethanol -0.1 vol. 3 M NaAc and stored at -20 °C before the further procedure.
We have to note here that the main disadvantage of general UV spectrophotometry for RNA quantification is low sensitivity (≥ 4 µg/ml) and the contribution of signals from DNA, degraded RNA and salts. The use of an ultrasensitive fluorescent RiboGreen ® (RNA detection range: 5 ng/ml -50 ng/ ml) alleviates this problem [24] . The RiboGreen ® reagent is nonfluorescent when free in solution; upon binding to RNA, the fluorescence of the RiboGreen ® reagent increases more than 1000-fold. The RNAbound RiboGreen ® reagent has an excitation maximum of approximately 500 nm and an emission maximum of approximately 525 nm. The results may be read either with Fluorescence Microplate Reader or with Thermo Scientific NanoDropTM 3300 Fluorospectrometer. RiboGreen ® is produced by Invtirogen, sold as a RiboGreen ® RNA Reagent (#R11491) and within a kit (#R11490).
The routine assessment of RNA integrity with denaturing formaldehyde agarose electrophoresis is low-sensitive, time-consuming, laborious and hazardous technique. This method using EtBr as a fluorescent intercalating agent requires approximately 200 ng of RNA to make an accurate assessment of its integrity. The amount needed can be reduced by using alternative fluorescent dyes such as SYBR ® and SYBR ® Green II RNA gel stain (Invitrogen Corporation). However, when RNA quantity is very limited (e.g. RNA from biopsies), agarose gel analysis may not be possible. A major improvement in RNA analysis occurred with the introduction of a system combining microfluidics, capillary electrophoresis, and fluorescence to evaluate both RNA concentration and integrity [25] . There are the Experion automated elecltrophoresis system (BioRad Laboratories, Inc.) and the Agilent 2100 Bioanalyzer (Agilent Technologies, Inc.) at the market. This technology requires very small inputs due to Chip format, allowing user to assay RNA quality in limiting samples. Bio-Rad introduced the RNA quality index (RQI) in Experion software and the Agilent Technologies provide the freely available RNA integrity number (RIN) algorithm software that assess the RNA integrity by the numbers from 1 (highly degraded) to 10 (intatct RNA) [26, 27] . Such method favors the standardization of the whole procedure. The example of electrophoregrams obtained with routine and advanced method is represented in the Fig. S1 .
Elimination of genomic DNA from RNA samples
The isolated RNA usually contains different amount of genomic DNA, sometimes up to 50 %, that could result in false measurement of RNA concentration by UV spectrophotometry and induce the variability of results. The kits and reagents for elimination of genomic DNA by RNAse free DNAse I treatment are provided by different vendors that propose DNAses active at somewhat different concentration of Tris, MgCl2, CaCl2or MnCl2 (compare kits from Life Technologies, USA, Cat.# AM1906, Cat.# EN0525 and Cat.# EN0521 and one from Promega, USA, Cat.# M6101) and possessing different enzymatic activities. The vendors' recommendations are usually given in the units of enzyme per reaction, from roughly one unit for 1 µg of RNA (enzyme #EN0525) to two units per 10 µg of RNA (enzyme#AM1907).
Though the time and the temperature during enzymatic treatment are uniform throughout, the ways for the effective DNAse I removal are various. This step is especially critical when the RNA will be used directly to synthesize cDNA according to the recommendations of several producers [http://www. b i o m a r t . c n / u p l o a d / a s s e t / a t t a c h m e n t / fermentas%E4%B8%AD%E5%9B%BD/coa_ en0521.pdf]. DNAse I may be removed by routine phenol/chloroform extraction; irreversible enzyme inactivation for 10 min at 65 °C in the presence of 2.5 mM EDTA [28] ; conventional precipitation with isopropanol [29] or ethanol and column clean up systems (e.g. GeneJET RNA Cleanup and Concentration Micro Kit, #K0841 from Thermo Fisher Scientific). There is also a novel DNAse Removal Reagent at the market (Ambion's DNAfreeTM, #1906, It sequesters and precipitates DNAse I and cations in minutes at room temperature and thus RNA cannot be degraded while inactivation of DNAse I by heating in the presence of divalent cations can partially degrade RNA.
The disadvantage of the whole step of DNA elimination is a risk to overestimate the initial amount of RNA for PCR and to inhibit reverse transcriptase if the reaction mixes after DNAse I inactivation are used directly to cDNA synthesis. In our lab we control the concentration and integrity of the RNA after DNAse I treatment and selectively check the efficiency of DNA elimination by the ratio of 18S rDNA products after minus RT -qPCR and 18S rRNA products after RT -qPCR. While before DNAse treatment up to ≥50 % of isolated putative RNA is represented by DNA then after DNAse I treatment the traces of DNA usually comprise < 0.5 % (for details see Supplement).
The synthesis of Luc RNA as an external standard
Now the preprocessing of RNA is over and the RNA is ready for the main step of RT-qPCR analysis. To maximally diminish the preprocessing related variability, which affects cDNA synthesis, the exogenous RNA (spike RNA) as an external standard can be used. Here we present our procedure of the external standard synthesis [20] . The fragment of firefly luciferase gene (Luc), irrelevant to the mammalian genomes, was cut out from the pGL3-Basic plasmid (Promega, Wisconsin, USA) by XbaI and HindIII restriction enzymes and cloned into the same restriction sites of the pGEM-3Z vector(Promega, Wisconsin, USA) according to the routine procedures. The pGEM®-3Z Vector is intended for use as a standard cloning vector, as well as for the highly efficient synthesis of RNA in vitro. The obtained product was referred to as pGEM-3ZLuc and was subjected to in vitro transcription. The final mix of 100 μl contained 1 μg of pGEM-3ZLuc DNA linearized by EcoRI, 2 mM NTP, 10 μl 10x IVT Buffer, 50 U of RiboLockTMRNAse inhibitor, 30 U SP6 polymerase (Thermo Fisher Scientific, USA). The reaction lasted for 2 h at 37 °C and was followed by subsequent phenol/chlorophorm extraction of RNA.
The Luc RNA was dissolved in 40 μl of DEPC treated water, its concentration was detected with a NanoDrop ND-2000 device and its integrity and specificity was confirmed by non-denaturing electrophoresis in 1% agarose gel. The main steps of external RNA synthesis are illustrated in Fig. 1 . The obtained probe was aliquoted and stored at -80 °C. The Luc RNA has very high PCR efficiency in the absence of inhibitors (E > 95 %) and does not produce the primer-dimer products (no PD signal in 40 cycles). The amount of the Luc RNA template for RT-qPCR was adapted for genes of interest in a way that both Cq would be in the same range.
There are several ready spikes available at the market, such as Universal RNA Spike from TATAA Biocenter (http://www.tataa.com/products-page/quality-assessment/tataa-universal-rna-spike/) or SPUD from Sigma-Aldrich, which are very effective tools for the quality control throughout entire RT-qPCR experimental workflow [30] . Both have a synthetic sequence that is not present in any known living organism, and mimic eukaryotic mRNA. In the presence of a "clean" sample, the quantification or threshold cycles (Cq, aka Ct) of spike will remain the same as their control whereas in the presence of a contaminated sample, the Cq will shift to higher cycles.
There is another approach to check whether a sample contains inhibitors. For10X difference in concentration of starting template, the difference between Cqs should be approximately equal to PCR slope. The greatly reduced difference in Cqs after 10 to 1 dilutions compared to the expected difference indicates the presence of inhibitors. For more detailed information how to check the presence of inhibitors and to eliminate them see [Pennington R. Dealing with Amplification Inhibitors: Reagent Choice Matters. 2014 (https://www.promega.com)].
Design of primers and target sequence
The quantification of target cDNA during real-time PCR is accomplished by the DNA binding fluorescent dye SYBR Green I or TaqMan hydrolysis probes. We describe here the first approach as it is easier to design, faster to set up, more cost-effective and applicable for estimation of different genes expression from the same cDNA sample if it is obtained with the random primers but not with the target specific ones.
Both primers and target sequence may affect the efficiency and specificity of amplification. A number of free and commercial programs are available for the primers design and control of their specifity: PrimerQuest software (Integrated DNA Technologies, http://eu.idtdna.com/scitools/applications/primerquest/ default.aspx), Primer3Plus (http://www.bioinformatics.nl/cgi-bin/primer3plus/ primer3plus.cgi) or Primer-Blast (http://www.ncbi.nlm.nih.gov/tools/ primer-blast/), OligoAnalyzer 3.1, Primer-BLAST, Vector NTIAdvanceTM10.0) [31] . In silico PCR on UCSC Genome Browser is very useful to check for non-specific binding. There is also an integrative publicly available database for the storage, retrieval and analysis of primer and probe informationRTPrimerDB (http://www.rtprimerdb.org) [15] . It contains primers and probe sequences used in realtime PCR assays employing popular chemistries (SYBR Green I, Taqman, Hybridisation Probes, Molecular Beacon). It was organized to avoid timeconsuming primer design and experimental optimization, and to introduce a certain level of uniformity and standardisation among different laboratories. The database is linked with the reference databases to allow the submission of assays for all genes and organisms officially registered in Entrez Gene and RefSeq. The submission of own tested primers to RTprimerDB is strongly encouraged.
To avoid amplification of genomic DNA the intron spanning primers are designed with at least one incorporated exon-exon junction (Fig. 2) . The primers have not to be placed on polymorphic sites and splice forms of RNA. The secondary structure of the RNA fragment that is reverse transcribed may have also a substantial impact on the efficiency of RT-qPCR. Therefore, RNA sequences and primers should be checked with nucleic acid-folding software, MFOLD program [32] . According to MIQE the folding structures should be ideally made available to reviewers as well.
We design the primers using Vector NTIAdvance TM10.0 program, check their specificity with PrimerBLASTprogram (http://www.ncbi.nlm.nih.gov/tools/ primer-blast/) and secondary structure with MFOLD. The target sites for restriction endonucleases within amplicon are found withVector NTI Advance® 11.5.4 software (ThermoFisher Scientific, USA).
All new primers have to be tested by qPCR using a 3-fold serial dilution of cDNA in order to determine the amplification efficiency of the cDNA fragment, to validate the specificity of amplicons and the presence/ absence of primer dimers after qPCR [32] . The amplification efficiency for each pair of primers is determined from the linear slope of standard curve; only primers with a standard curve slope between -2.92 and -3.92 (efficiency 100 ± 20 %) are used for further quantification. Efficiency 100% is defined by a slope of − 3.32 and a 2-fold change for each change in Cq of the 10 fold dilution (Fig. S2) [33] . If the slope is below -3.92, then the PCR has poor efficiency. The efficiency of amplification may be optimized by changing the concentration of MgCl2 and dNTP, adjusting the temperature and time of annealing. If these procedures do not improve the efficiency of amplification the primers have to be redesigned.
The amplicon specificity is validated by the length of the amplicon and its restriction fragments (For example see Table 1 and Fig. 3 ). Due to the critical importance of the above mentioned characterristics of primers, the information regarding their sequence, location on cDNA, specific restriction endonucleases for an amplicon, the length of restriction fragments and their experimental approval must be provided in the papers according to the MIQE guidelines. The sequence of amplicon is appreciated by many reviewers [2] .
Reverse transcription and Real time PCR
The reverse transcription and real time PCR are conducted according to the conventional protocols for specific enzymes. In our lab the first-strand cDNA synthesis from total RNA is carried out with the spike RNA Luc and RiboLock RNase Inhibitor. For everything else the procedure follows the protocol of ReverseTranscriptase producer (in our case RevertAid ReverseTranscriptase, cat. #EP0441, Thermo Fisher Scientific, USA). After termination of the reaction the mixture is diluted with sterile DEPC-treated water to the concentration of 25-50 ng/μl, aliquoted and stored at -80 °C. The amplification of individual mRNA is performed in triplicate with real-time PCR at different types of Real-Time PCR Detection Systems. We use Bio-Rad CFX96 Real-Time PCR Detection System (Bio-Rad Laboratories Ltd., USA). The mandatory requirement includes the presence on each plate the samples of interest and 'No Template' control in each RT-q PCR plate. Also, there has to be a set of corresponding diluted standards (amplicons in our case) for the standard curve if the absolute quantification is used.
The specificity of amplification is confirmed with the same device by the melt-curve analysis (Fig. S3) . For the methodological details see Sup plement.
Absolute vs relative quantification
There are two strategies to quantify the level of gene expression -by absolute or relative RT-qPCR. The first one relates on a calibration curve and the obtained results are represented in amount of mRNA in ng, nanomoles or copies per one unit of total RNA, per cell or per g of tissue while the second reflects the relative changes in the mRNA expression level between the samples and the results are represented by relative units.
The standard curve method determines the input mRNA levels of a gene by relating the PCR signal to a standard curve. It requires the production of a high quality standard and a high quality RNA. A purified specific RT-PCR product, recombinant DNA or recombinant RNA, may serve as standards. The production of the specific RT-PCR product or amplicon by ordinary RT-PCR reaction with subsequent purification is rather simple but the standard may be not very stable therefore its integrity has to be checked from time to time. The production of recDNA is much more time consuming and cost effective, however, it is more stable than a short RT-PCR product. The recRNA best of all mimics the RT-PCR procedure of natural RNA but the standard is very unstable and its preparation is rather complicate and ex- Note: For Ifna indicated with an asterisk (*), the primers are common for Ifna1, NM_001014786.1; Ifna2, NM_001271218.1;Ifna4, NM_001106667.1 and Ifna16l, XM_575856.1. Double asterisks (**) denote the length ofr theoretically predicted length of restricts.
pensive. The standard curve method has several advantages: representation of dilutions for the standard curve at each PCR plate provides the routine validation for methodology; it substantially simplifies all calculations and comparison of the expression levels between different mRNAs in the same sample or between different samples [12] ; it does not require a laborious work for validation of reference genes; the results have the absolute values and thus are easily comparable between different laboratories worldwide. The disadvantage of the method is a requirement for production of high quality standards and more stringent requirements for maximal standardization of the whole procedure (especially the high standards for RNA quality taken for RT -qPCR). An example of using the standard curve for assessment of mRNA abundance is represented in the Fig. S2 . Relative quantification relates the PCR signal of the target transcript in one sample to that of another sample chosen as a control or calibrator. The choice of calibrator depends on the gene expression experiments. It may be an untreated sample in the experiment with treatment; a control sample in the study of some disease; a sample at time zero in the time course study of gene expression; a sample for one tissue that is compared with other tissue.
The relative quantification is mostly applied to steady-state conditions and an endogenous presumably invariant reference transcript is used to diminish the variability between the samples. Occurring background interferences retrieved from the extracted tissue components and the cDNA synthesis efficiency relate to target and internal reference similarly so all the variations preceding PCR are compensated by the calculations after amplification. The relative quantification method is dependent on the determination of real time amplification efficiency of the target and refe rence templates. To date, two types of relative quantification models are available. In the first one the correction of amplification efficiencies is not required if they are near 100 % and within 5% of both target and reference template. But it is required in the second model where the amplification efficiencies of target and reference templates differ for more than 5 % of each other values [12, 13, 34] . The advantages of the relative quantification method consist of no need to produce the standard material, to optimize and to vali date the standard curve. The disadvantages of the method relate to the necessity to validate the internal standards, low standardization of the method and the difficulties to compare the results obtained by different research groups as the references are usually chosen according to the own preferences of each researcher. Frequently, to find the invariable referent gene is problematic.
Data normalization
Several strategies have been proposed for normalizing RT-qPCR data. They range from the calculation of individual mRNA content per unit of sample, per unit of investigated RNA, either total or its fraction, to using an internal housekeeping gene as a reference. These approaches are not mutually exclusive and can be incorporated into a protocol at many stages. The relative merits of different normalization strategies are explicitly represented in multiple reviews [35] [36] [37] [38] [39] .
The choice of the normalization strategy strictly depends on the goal of experiment and the essence of biological sample(s) under the study whether they are in the steady or dynamical state. Calculations of mRNA amount per total RNA and per internal reference gene(s) are applicable to steady state situation. In dynamical systems the qualitative and quantitative composition of total RNA changes in the course of time. So it is difficult to find out the internal reference gene with constant concentration particularly when the rRNA : mRNA ratio varies.
In our lab we explore the gene expression in two dynamical systems -regenerating rat liver and human placenta in the midfirst and third trimesters of gestation. We have shown that the concentration of 18S rRNA and TBP mRNA encoding TATA-binding protein, both widely used as internal reference templates, gradually increase during the first 12 h after partial hepatectomy and gradually decrease during the same time after sham operation [20] . Another group of researchers propose different pairs of reference templates for eight types of hepatic cells in re-generating liver [40] Given that isolated RNA reflects the composition of liver RNA in vivo we present the target mRNA abundance in copies per mass unit of total liver RNA [16, 20] . Somewhat similar situation is observed with placental samples at different time points of gestation. The abundance of 18S rRNA and YWHAZ template, recommended as placental internal standards [38] , is invariable either in the first or in the third trimester of gestation, however, the values are nearly two times less in the third trimester in comparison to the first one making these templates inconsistent for inter-trimesters comparison. So we also use the absolute values in copies of mRNA per mass of total RNA [17, 18] .
To mitigate the variability during preprocessing of RNA we additionally normalize the data according to Luc RNA recovery. We added an external Luc RNA spike together with total RNA to the reaction of reverse transcription. The 100 % value of Luc recovery corresponds to the copies of amplified Luc RNA in the absence of cDNA of interest. The recovery of less than 85 % of Luc RNA, when it was processed together with the sample RNA points to the presence of inhibitors in the RNA sample. Such samples are either additionally purified or RNA isolation is repeated (Table S1 ). Ideally, it is possible to include the additional artificial RNA at the very beginning of procedure to follow all the steps of manipulation with the target mRNAs.
During the last decade the captious exploration of the reference genes reliability has completely changed the opinion about their applicability. The most commonly used housekeeping genes in époque of Northern blot and semiquantitative examination of mRNA level like glyceraldehyde-3-phosphate dehydrogenase (GADPH), β-actin and 18S ribosomal RNA became inadequate in most cases of RT-qPCR due to their variability in different tissues, presence of pseudogenes that may misleads the results, inconsistency of their expression under different treatments or in comparison of control with disease etc. [37-39, 42, 43] . Moreover it is considered that the choice of housekeeping genes is highly specific for particular experiment [37] .
To facilitate and standardize the selection of reference genes, a lot of methods have been developed. The geNorm VBA applet for Microsoft Excel calculates a gene expression normalization factor for each tissue sample based on the geometric mean of a user-defined number of reference genes [44] . There are already geNorm Kits at the market (https:// genorm.cmgg.be/). BestKeeper (www.gene-quantification.de/bestkeeper.html) also selects the least variable genes using the geometric mean but uses the raw data instead of the data converted to a copy number as geNorm [13] . NormFinder (http://www. multid.se/genex/hs410.htm) measures the variation and ranks the potential reference genes according to the grouping of samples, such as untreated/treatment, etc. [45] .
The standardized exchange of qPCR data is already a reality
The demand for a standardized qPCR data format stimulated the emergence of two innovations. A set of guidelines that describe the minimum information necessary for evaluating qPCR experiments, MIQE, was proposed by Professor S. Bustin with colleagues [2] , and the XML-based Real-Time PCR Data Markup Language (RDML) was developed by the RDML consortium [15] . The MIQE provides this approach with a checklist that contains 85 parameters to assure quality results. The detailed practical approach to RT-qPCR-publishing data that conform to the MIQE guidelines may be found in the mini review by Dr. S.Taylor with colleagues [11] and contain the mandatory and elective parameters. The RDML was created to enable the straightforward exchange of raw fluorescence data free of smoothing or baseline subtraction, as they allow quality control, the evaluation and reevaluation of the validity of conclusions if new approaches become available. Recently the new RDML version 1.2 was published [46] , which includes the open source editor RDML-Ninja (http://sourceforge.net/ projects/qpcr-ninja/) and the database RDMLdb (http://www.rdmldb.org).The editor allows researcher to visualize, edit and validate the RDML files. The database RDMLdb is an online repository for RDML files. Authors may upload their RDML files into this database and provide the matching IDs in the article, as it is customarily done for the microarray and RNA sequencing. This new RDML infrastructure is the foundation for the standardized qPCR data exchange among scientists and research groups, and for the meta-analysis of gene expression assessed by RTqPCR in foreseeable future.
The accurate following the protocol of the RT-qPCR workflow with maximal standardization of each step is critical for producing the reliable, comparable and reproducible results. The extension of obtained results via specified open access databases is highly appreciated for dissemination of new knowledge and strengthening the contacts within scientific community for the further scientific achievements. Реакція зворотної транскрипції і ланцюгової полімеризації в реальному часі (ЗТ-кПЛР) стала найбільш уживаним методом для характеристики профілів експресії індивідуальних мРНК через можливості оцінки концентрацій в широкому діапазоні,
Supplementary material

